INTRODUCTION
Constipation is a functional gastro-intestinal disorder affecting 8-15% of the general population [1] , characterized by infrequent or difficult evacuation of feces [2] . The menace has a substantial impact on morbidity and quality of life, which may be characterized by unexplained abdominal pain, discomfort and bloating in association with altered bowel habits [3] . The use of synthetic drugs such as senna, correctol, exlax, senokot, bisacodyl and gaviscon is very common as a means of treating constipation.
The use of these orthodox drugs is however, limited due to their cost and undesirable side effects [4] . Consequently, most of the affected persons rely on herbal preparations for the treatment of the disorder [5] . Some medicinal plant extracts are known to exhibit antispasmodic effects by stimulating water absorption in the intestine [6] . Apart from being fast acting, cheap and readily available, the users of medicinal plants for the treatment of constipation also believe that they have some control in their choice of medication.
Lecaniodiscus cupanioides Planch belongs to the family Sapindaceae. It is a small tree 6-12 m high branching low down with a widely spreading crown. It is identified by various local names in Nigeria such as akika (Yoruba), kafi-nama-zaki (Hausa), okpu (Igbo), and utantan (Edo) [7] . The plant is ethno-medically reported to be useful in the treatment of wounds and sores, abdominal swelling caused by liver abscess, fever, measles, and hepatomegaly as well as burns [8] . The central nervous system (CNS) depressant action of the plant has also been demonstrated [8] . Despite the wide traditional usage of the herb as a laxative [9] , there is no scientific report to substantiate this claim. Therefore, the present study was designed to evaluate the laxative activity of the aqueous root extract of L. cupanioides in loperamide -induced constipated rats and the effect was compared with bisacodyl, a reference laxative drug.
EXPERIMENTAL

Drugs and chemicals
Loperamide hydrochloride was purchased from Lusomedicaments S.A. Queluz de Balxo, Portugal, while carboxymethylcellulose and carmine were products of BDH Chemicals Ltd. Poole, England. Bisacodyl was obtained from Medrel Pharmaceuticals Ltd, India and all enzyme kits were from Clinica Applicada, S.A., Spain.
Plant materials
Fresh mature roots of Lecaniodiscus cupanioides was obtained from Oja Oba, Ilorin, Kwara State, Nigeria in October 2013. It was identified and authenticated by Mr. A. Boluwatife of the Department of Plant Biology, University of Ilorin, Nigeria and voucher specimen (UIL 235) was deposited in the University of Ilorin herbarium.
Preparation of aqueous root extract
The roots of L. cupanoides were cut into pieces, washed thoroughly with distilled water and dried on the laboratory bench. The dried pieces were milled into powder and 200 g of the material was extracted by shaking for 24 h in 1200 mL of distilled water using Labcon Platfrom shaker (Maraisburg, South Africa). The resulting infusion was decanted, filtered and evaporated to dryness on water bath. This was reconstituted in distilled water to give the required doses of 50, 150 and 250 mg/kg body weight used for the experiment.
Animals
Male Wistar rats with an average weight of 127 g were obtained from the small animal holding unit of Department of Biochemistry, University of Ilorin, Nigeria. The animals were housed in clean metabolic cages placed in a well ventilated house. They were acclimatized to the animal house condition for 7 days during which they were allowed free access to commercial pelleted rat chow (Bendel feeds and flour mill Ltd, Edo State, Nigeria) and water. All experimental procedures were performed in compliance with international policies governing the humane and ethical treatment of experimental animals as contained in the United States National Institutes of Health (NIH) guidelines [10] after ethical approval by the University of Ilorin (UIL/13/017).
Induction of constipation in the rats
Constipation was induced in the animals by the oral administration of 0.5 mL of loperamide (3 mg/kg body weight daily for 3 days) [11] , while the control rats were administered with distilled water only. The passage of reduced, hard and dry fecal pellets indicated constipation in the rats on the 4th day.
Experimental design
The rats were divided into six groups of five rats each. The animals in Group 1 (control) and Group 2 (constipated control) were administered with distilled water orally. Groups 3, 4 and 5 comprised constipated rats administered 50, 150 and 250 mg/kg body weight per day of root extract of L. cupanoides respectively while Group 6 were constipated rats administered bisacodyl (0.21 mg/kg body weight) [12] . All oral administration was done using metal oropharyngeal cannula. The water and feed intake, number of faecal pellets and body weight gain of all the rats were recorded during experimental period.
Determination of total number, dry weight and water content of faecal pellets
The excreted faecal pellets of individual rats were collected every day at 10.00 h throughout the duration of the experiment for 7 days. The total number, weight and water content of the pellets were determined. The water content was calculated as the difference between the wet and dry weights of the pellet [11] .
Preparation of serum
Briefly, under halothane anaesthesia, rats were made to bleed through their cut jugular veins which were slightly displaced (to prevent blood contamination by interstitial fluid) into clean, dry centrifuge tubes. This was centrifuged at 1282 g for 5 min using Hermle Bench Top Centrifuge (Model Hermle, Z300, Hamburg, Germany). The sera were later aspirated with Pasteur pipettes into sample bottles and used for the assay of serum enzymes.
Determination of gastrointestinal transit (GIT) ratio
GIT ratio was measured according to the method described by [11] . On the 7th day, 1 mL of carmine (3 g suspended in 50 mL of 0.5 % carboxymethylcellulose) was orally administered to the rats. One hour after administering carmine, the animals were sacrificed and their small intestines were quickly removed. The distance over which the carmine had travelled and the total length of the small intestine were measured. The GIT ratio was expressed as the percentage of the distance travelled by the carmine relative to the total length of the small intestine.
Determination of serum enzymes
The procedure of Tietz et al [13] was adopted for the determination of serum acid phosphatase, alkaline phosphatase, aspartate aminotransferase, γ-glutaryltransferase and lactate dehydrogenase activities.
Statistical analysis
Data were expressed as means ± SEM of four replicates and were subjected to one way analysis of variance (ANOVA) followed by Bonferroni tests to determine significant differences in all the parameters. All data were analysed using GraphPad Prism 5 statistical package (GraphPad Software, San Diego MA, USA) and values were considered statistically significant at p < 0.05. Table 1 shows the effect of Loperamide on feed and water intake, fecal properties and body weight of constipated rats before treatment. Loperamide significantly (p < 0.05) reduced the number of faecal pellets and increased significantly (p < 0.05) the body weight of the constipated rats compared to the normal rats. This was an indication of constipation. However, there was no significant difference (p > 0.05) between feed intake, water intake and water content of faecal pellets, that of the control and that of the constipated animals.
RESULTS
The effect of aqueous extract of L. cupanioides on feed and water intake, body weight gain and faecal properties of constipated rats after treatment is shown in Table 2 . There was no significant difference (p > 0.05) in the feed and water intake and number of faecal pellets in all the animals. However, the body weight and water in faecal pellets of the constipated rats changed significantly (p < 0.05) compared to the normal control. This alteration was counteracted by the administration of aqueous root extract of L. cupanioides to the animals. Figure 1 shows the effect of the aqueous root extract of L. cupanioides on gastrointestinal transit ratio in loperamide-induced constipated rats. At all doses tested, the administration of the extract of L. cupanioides to constipated rats significantly increased (p < 0.05) gastrointestinal motility compared to the constipated control and it compares favourably well with bisacodyl, the standard drug used in this study. The effect of the administration of the aqueous extract of L. cupanioides on some serum enzymes' activities is shown in Table 3 . There were significant differences (p < 0.05) in the serum acid phosphatase, alkaline phosphatase and aspartate aminotransferase among the groups of animals. However, the 50 and 150 mg/kg extract-treated groups seemed to improve these parameters better than the 250 mg/kg.
The activities of lactate dehydrogenase and γ-glutaryltransferase in the extract treated groups were not significantly different (p > 0.05) from the normal control and bisacodyl-treated constipated rats.
DISCUSSION
The use of herbal remedies in the treatment of constipation is a common practice in many countries of the world [14] . The present study has clearly demonstrated that the aqueous extract of L. cupanioides has laxative activity; which is comparable to bisacodyl, a standard laxative drug. Loperamide has been documented to induce constipation in wistar rat by inhibiting intestinal water secretion and colonic peristalsis. This inhibition extends faecal evacuation time and delays intestinal luminal transit. Loperamideinduced constipation is therefore considered to be a model of spastic constipation [15] .
The observed reduction in the number of faecal pellets and weight following treatment with loperamide indicated induction of constipation in the rats. This observation was also reported in previous studies [16] . However, loperamide did not prevent the animals from feeding adequately [11] . The administration of the extract of L. cupanioides to the constipated rats was effective in normalizing defecation frequency, body weight gain, faecal volume and motility of the colon. These are indications of the laxative property of the plant extract. This may be due to the presence of natural anthraquinone derivatives constituent of the root extract [17] which has been implicated to have laxative effects. This compound possibly exerts its action by disturbing the equilibrium between the absorption of water from the intestinal lumen via an active sodium transport and the secretion of water into the lumen by prostaglandin dependent mechanism [18] .
Although the feed intake did not differ among the groups, the gain in body weight was higher in the untreated constipated rats compared to the extract treated groups. This may be due to the accumulation of faecal pellets in their bodies, thus accounting for the extra weight [19] . Similar observation was reported by Niwa et al [19] , where dietary fibre was used for the treatment of morphine-induced constipation in rats.
The transit process of the entire gastrointestinal tract reflected the overall gastrointestinal motor activity. Measuring colonic transit time is useful in constipation, abdominal bloating and refractory irritable bowel syndrome. It also provides quantitative information about colonic movement which enables the identification and characterization of transit abnormalities and allows assessment of the severity of the problem as well as the response to therapy [20] . In this study, carmine was the marker used to measure the colonic movement. The extract increased intestinal motility which, in turn, enhanced colonic peristalsis in the rats. The possible mechanism of action of the extract in this process may be by enhancing the release of fluid thereby increasing intestinal secretion. The laxative effect of the extract could also be attributed to changes in the intestinal motility, which produced an increase in intestinal transit and colonic movement [21] . Generally, the effect of the treatment with the extract compared favourably well to that of bisacodyl. This is an indication that the herb was effective in ameliorating bowel obstruction, thereby enhancing easy movement in the intestine.
There are many enzymes such as phosphatases, dehydrogenases and transferases that are found in appreciable quantities in the serum which did not actually originate from the extracellular fluid. It is only during tissue damage that these enzymes leak out of the tissues and become elevated in the serum, making them marker enzymes for safety and or toxicity of pharmacological agents [22] . Acid phosphatase (ACP) is a marker enzymes of lysosomal membrane while alkaline phosphatase (ALP) is found in the plasma membrane and endoplasmic reticulum.
Aspartate aminotransferase is localized in the cells of the liver, kidney and the heart [23] . The observed increase in the serum aspartate aminotransferase and acid phosphatase at higher dosages may be due to altered membrane permeability [24] . The reduction in the serum alkaline phosphatase may be attributed to the inactivation of the enzyme molecules [25] . However, fluctuations in the activities of these enzymes at some dosages only signify subtle changes in the metabolic processes of the animals.
CONCLUSION
The present study points to a laxative effect in loperamide-induced constipated rats by L. cupanioides. It is however, important to note that the laxative activity was dose-dependent and compares favourably with that of bisacodyl. These findings have lent scientific support to the folkloric use of L. cupanioides as a laxative. However, caution should be taken in the prolonged usage of the extract as it could cause some metabolic changes.
